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backoropwd OT tin; TN77?HTTPTf — 
Non-nucleotide baaed linking reagents for labelling 
oligonucleotides hava a distinct advantage~dver nucleotide baaed 
reagents in that they do not adversely affect the normal base 
pairing between an oligonucleotide and a target nucleic acid and 
illow attachment at any location within the oligonucleotide or en 
its termini. Several non-nucleotide based Uniting reagents have 
already been described for us* in labelling standard oligodeoxy- 
ribonucleotides, i.e. having a phosphodiestar backbone (Lyle j. 
Arnold, Jr., et al., "Non-Nuclaotide Linking Reagents for 
Nucleotide Probes", PCT wo 8902<:9 aasignad to Gen-Probe, inc.). 
However, those non-nucleotida reagents were of nixed chirality. 
Those reagenrs are coupled into the phosphodiester backbone of an 
oligonucleotide by chemical synthesis as disclosed therein. 

Recently, other non-nucleotide based linking reagents 
have been described. For example, one of the reagents referred 
to specifically in the Gen-Probe patent application has also been 
described by Paul S. Nelson et al., (Nucleic Acids Res., i 98 9, 
vol. 17, p. 7179). The synthesis of polyamide-oligonucleotide 
probes for use in attaching nonisotopic labels has also been 
described byj. Haralambidis at al. (Nucleic Acid, r..., mo , 
vol. 18, p. 501). 



BOMMAwr ot tuv TnTTinTTOTf 
One espect of the present invention provides non- 
nucleotide reagents which are suitable for preparing 
nucleotide/non-nucleotide polymer, and which remain chirally pur 
whr- incorporated in a nucleotide/non-nuclaotid* polymer. These 
no. .ucleotide reagents comprise: a non-nuclaotida monomeric 
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unit which has an anantioaarically (or chirally) pura non- 
nuclaotida skalaton and, connactad to tha skalaton, has a ligand 
soiaty and first and sacond coupling groups. Tha first coupling 
group is capabla of coupling tha skalaton to a first additional 
scnoaarle unit, whila tha sacond coupling group ramalns 
inactivatad so as to ba substantial!? incapabl. of coupling, but 
tha sacond coupling grour> can tharaaftar ba activatad undar non- 
advarsa conditions to coupla tha akalaton to a sacond additional 
r.onoaaric unit, wharain said nuclaotida/non-nuclaotida polyaar 
casprisas at laast ona nuclaotida monoaarle unit. 

In anothar a. pact, tha prasant invantion providas non- 
nuclaotida raagants which ara usaful in praparing nuclaotida/non- 
r.uclaotida polynars which hava alkyl- or aryl- phosphonata 
diastar linkagas batwaan aonoaarlc units. Tha non-nuclaotida 
raagant cooprisaa a ncn-nuelaotida aonoaarlc unit which has a 
non-nuclaotida akalaton and connactad to tha akalaton has a 
ligand moiaty and firat and sacond coupling groups, wharain tha 
first coupling group is capabla of foraing an alkyl- or aryl- 
Phosphonata linkaga batwaan tha akalaton and a first additional 
-ononeric unit whila tha sacond coupling group raaalns 
inactivatad so a. to ba substantially incap.bla of coupling, but 
which sacond coupling group can tharaaftar ba activatad undar 
non-advarsa condition, to coupla tha akalaton to a sacond 
additional aonoa.ric unit, wharain said nuclaotida/non-nuclaotida 
oolyaar coaprisaa at laaat ona nuclaotida aonoaarlc unit. 

According to ona prafarrad aspact of tha prasant 
invantion, noval non-nuclaotida basad raagants ara providad which 
ara usaful in praparing nuclaotida/non-nuclaotida polyaars which 
hav. intaraonoaaric unit alkyl- or aryl- phosphonata linkagas. 
Thaaa non-nuclaotida raagants coaprisa anantioaarically pura non- 
nuclaotida aonoaarlc units which hava an anantioaarically (or 
chirally? pura non-nuclaotida akalaton and connactad to tha 
skalaton hava a ligand aoiaty and first and sacond coupling 
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group, wherein tha fir.t coupling group it capable of foraing an 
alkyl- or aryl- phosphonate linkage between the enantionerically 
pure sksleton and a first additional aonoaeric unit, vhila the 
second coupling group rtmains inactivatad so ai to be 
substantially incapable of coupling, but which aecond coupling 
group can tharaaf tar b. aetivatad undar no~n-advaree conditions to 
couple tha chirally .pacific sk eton to a sacond additional 
nononeric unit, wherain siad nuclaotid./non-nuclaotida polyaer 
conprisaa at laaat on* nuclaotida aonoaarie unit. 

Tha ligand aoiaty may coaprisa a linker-urn group which 
My participata in conjugation raactions upon it. activation or 
deprotection, a datactabla chaaieal aoiaty or la. al or a aida ara 
to which a datactabla chaaieal aoiaty or labal ha. baan attachad 
prior to initiating syntheai. of tha polyaar. Suitabla chaaieal 
noiatia. includa datactabla labal., chalator., cat.ly.t«, 
nucleolytic aoieti.., drug carriars, hormone racaptors, 
substanca. which anhane. oligoaar uptaka by call., haptana for 
horaone receptor., and tha liJea. suitabla chaaieal aoiatia. 
includa psoralan and analog, th.raof, acridina. and analog, 
thereof, porphyrin, and porphyrin analog., cyclic chalator. and 
the like. 



Definition^ 

J*, usad harain, tha following tara. hava tha following 
meaning., unlass expressly stated to tha contrary: 

Tha tana "nucl.otio." refer, to a .ubunit of a nuclaic 
acid con.i.tlng of a phosphate group, a 5 carbon sugar and a 
nitrogen containing basa. In RNA tha 5 carbon augar is ribo... 
In DNA, it i. a 2-d.oxyriboaa. Tha tara al.o includa. analog, of 
such subunits. 

Tha tarn "nuclaotida aultiaer- rafars to a chain of 
nuclaotida. linked by phoaphodia.t.r bond., or analog, tharaof. 
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An "oligonucleotide" is a nucleotide multimer generally 
about 10 to about 100 nucleotides in length, but which nay b« 
greater than 100 nucleotides in length. They are usually 
considered to be synthesized from nucleotide monomers, but nay 
also be obtained by enzymatic means. 

An "deoxyribooligonucleotide" is an oligonucleotide 
consisting of deoxyribenucleotide monomers. 

A "polynucleotide" refers to a nucleotide multimer 
generally about 100 nucleotides or more in length. These are 
usually of biological origin or are obtained by enzymatic means. 

A "nucleotide multimer probe- is a nucleotide multimer 
having a nucleotide sequence complementary with a target 
nucleotide sequence contained within a second nucleotide 
multimer, usually a polynucleotide. Usually the probe is 
selected to be perfectly complementary to the corresponding base 
in the target sequence. However, in some cases it may be 
adequate or even desirable that one or more nucleotides in the 
probe not be complementary to the corresponding base in the 
target sequence. 

A "non-nucleotlde monomerlc unit" refers to a monomerie 
unit which does not significantly participate in hybridization of 
a polymer. Such aonomeric units must not, for example, 
participate in any significant hydrogen bonding with a 
nucleotide, and would exclude monomerie units having as a 
component, one of the S nucleotide bases or analogs thereof. 

A "nucleotide/non-nucleotide polymer" refers to a 
polymer comprised of nucleotide and non-nucleotide monomerie 
units. 

An "oligonucleotide/non-nucleotide multimer" is a 
multimer generally of synthetic origin having less than 100 
nucleotides, but which may contain in excess of :oo nucleotides 

and which contains one or more non-nucleotide monomerlc units. 
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A "monomeric unit" refers to a unit of either a 
nuclaotida reagent or a non-nucleotide reagent of the prasant 
invention, which tha reagent contributaa to a polymer. 

A "hybrid" is tha complex formed batvaan two nuclaotida 
nultimers by Watson-Crick baaa pairings batvaan tha complementary 
bases. ~ 

Tha ttra "oligomer" rafars to oligonucleotides, 
nonionic oligonuciaosida alkyl- and aryl-phosphonate analogs , 
phosphorothioata analogs of oligonucleotides, phosphoramidata 
analogs of oligonucleotides, nautral phosphata astar 
oligonuclaotida analogs such as phosphotriesters, and othar 
oligonucleotide analogs and modified oligonucleotides, and also 
includas nucleotide/non-nucleotide polymers. Tha tan also 
includas nucleotide/non-nucleotide polymers vharain ona or more 
of tha phosphorous group linkages batvaan monomeric units has 
bean replaced by a non-phosphorous group linkage such as a 
fonnacetal linkage or a carbamate linkage. 

Tha tarn "alkyl- or aryl-phosphonata oligomer" rafars 
to nucleotide oligomers (or nucleotide/non-nucleotida polymers) 
naving internuclaoside (or interaonomer) phosphorus group 
linkages wherein at least one alkyl- or aryl- phosphonate linkage 
replaces a phosphodiester linkage. 

The term "methylphoephcnate oligomer" (or "MP- 
oligomer") refers to nucleotide oligomers (or nucleotide/non- 
nucleotide polymer) having internucleoside (or intermonomer) 
phosphorus group linkages vherein at least one methylphosphonate 
internucleoside linkaga replaces a phosphate diester 
internucleoside linkage. 

The term -nucleoside- includes a nuclaosidyl unit and 
is used interchangeably therevith. 

In some of the various oligomer sequences listed herein 
"F H in, e.g., as in ApA represents a phosphata diester linkage, 
and " E " in, e.g., as in CfiG represents a methylphosphonate 
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linkage, certain other sequences arc depicted without tha usa of 
P or n to indicata tha typa of phosphorus dlaatar linkage. In 
such occurrences, A as in ATC indicataa a phosphate diastar 
linkage betvaan tha 3 '-carbon of A and tha 5» carbon of T, 
wharaaa A, ATC or ATC indicataa a methylphosphonate linkaga 
between tha 3 '-carbon of A and tha 3 '-carbon of T or T. 

Tha tarn "non-adverse condition*" dascribaa condition* 
(of reaction or synthesis) which do not substantially advaraaly 
affaet the'polynar akalaton and it. augar, base, linkar-arm and 
labal components, nor tha monomaric raagants. One skilled in the 
art can readily identify functionalitiee. coupling method., 
daprotection procedure, and cleavage condition, which meet these 
criteria. 

The tern "deblocking condition." describe, the 
condition. u.ed to remove the blocking (or protecting) group from 
the 5»-oh group on a ribo.e or deoxyribose group. 

The tern "deprotecting conditions" describe, the 
condition, used to remove the protecting groups from the 
nucleoside bases. 

PRIir DB8CHTWTOW or rwr. n^wrffflff 
Figures 1A, IB and ic depict the formulas of non- 

nucleotide reagent, of the pre.ent invention having Fmoc- 

protee««d linker arms. 

Figure 2 depict, a synthetic scheme for preparing non- 

nucleotide reagents of the present invention having C2, C4 and C6 

linker arms. 

Figure 3 depicts a synthetic scheme for preparing non- 
nucieotide reagents of the present invention having C8, cio and 
C12 linker arms. 

Figure 4 depicts a synthetic scheme for a psoralen 
reagent which may form a psoralen conjugate with the- linker arm 
of one of the non-nucleotide reagents of the present invention. 
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DETAILED ngSgBTPTIQW Of Tff t 

According to the present invention, ws have invented 
certain novel non-nucleotide based linking reagent* which are 
especially useful in incorporating Uganda auch as cross-linking 
agents in oligomers, especially alkyl-~or aryl- phosphonata 
oligomers. These reagents may be coupled into an oligomer using 
the automated coupling chamistry used for coupling the nucleotide 
based phosphonamidite monomers. The resulting mot fied 
oligomers, inclu' -g alJcyl- or aryl- phosphonata oligomers, 
contain nucleophilic primary amines through which a variety of 
secondary compounds may be attached by standard aqueous 
chemistries already known in the art. Examples of secondary 
compounds includa intercalators, alkylatora, photoactive ad 
reactive moieties such as psoralens, chelating agents, etc. We 
believe that by applying such chamistries, we will be abla to 
increase the potency of methylphosphonate oligomers as 
therapeutic agents. 

In a preferred aspect of the presant invention, the 
non-nucleotide basad linking reagents are preparad in a chiraliy 
pure form. Moreovar, these non-nucleotide reagents remain 
chiraliy pure whan incorporated in oligomers (non- 
nucleotide/nucleotide polymers) . This advantaga may ba critical 
when it 4a desired or desirable to direct a label to a particular 
location whan tha oligomer is hybridizad to a corresponding 
target nuciaic acid. In a particularly preferred aspect, tha 
hydrocarbon skeleton of thasa reagents comprises a reduction 
product of threonine. Since tha four enantiomers of threonine 
are commercially available, non-nucleotida reagants having a 
chiraliy pure skeletons derived from any one of tha four 
stereoiaomers of threonine may be prepared. 

•The choice of threonine as the atarting material to 
supply the chiraliy pure akeleton for soma of these reagants has 
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additional advantages. First, a three carbon skeleton is 
available for insertion into the phosphorus backbone of the 
oligoner, which closely resembles the three carbon apacing of 
traditional deoxyribose groups. Second, reduced threonine has a 
primary hydroxyl and a secondary hydroxyl which enables the 
subsequent protection, deprotection, blocking, deblocking steps 
and derivatization steps to proceed in improved yields. 

According to one aspect of the present invention, we 
have functionalized these non-nucleotide reagents in such a way 
that an alkyl- or aryl- phosphonate diester linkage results when 
these non-nucleotide reagents are inserted into the phosphorus 
backbone of the oligomer. Such reagents couple to nucleotides or 
other non-nucleotide reagents in high yield. Furthermore, ve 
have demonstrated that these non-nucleotide reagents can be used 
for the attachment of psoralen analogs to the oligomers. These 
psoralen analogs are attached to a non-nucleotide reagent using a 
novel chemistry (See' Example 13). 



CEHEttAL PttOPCTTTES OP WOM-MtTetT QTIDg RgACfftfTfi 

Thus, in general, the present invention provides a non- 
nucleotide reagent, with a non-nucleotide monomeric unit which 
can be coupled synthetically with specific nucleotide monomeric 
un. ts from nucleotide reagents, to produce a defined sequence 
polymer which is comprised of nucleotide and non-nucleotide 
monomeric units. Said non-nucleotide reagent also possesses a 
ligand which may comprise a linker-arm moiety which may 
participate in conjugation reactions once the linker-arm has been 
deprotected, or may comprise a side-arm to which a uieful desired 
chemical moiety has been attached prior to incorporating the non- 
nucleotide reagent in the polymer. In general, the techniques 
fcr linking moieties to the linker arm may be similar to the 
techniques for linking labels to groups on proteins. However, 
modifications of such techniques may be required. Examples of 
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useful chemistries include the reaction of -lkylamines with, 
active esters, active iaines, arylhalides, or isothiocyanates , 
and the reaction of thiols with mdleimides, haloacetyls, etc. 
(for further potential techniques see CM. Means and R.E. Feeney, 
"Chemical Modification of Proteins", Holden-Day Inc., 1971; r.e. 
Feeney, Int. J. Peptide Protein Res., Vol. 29, 1987, p 145-161). 
Suitable protecting groups which can be used to protect the 
linker ana functional group during formation of a polymer are 
also similar to those used in protein chemistry (see for example, 
"The Peptides: Analysis and Synthesis, Biology," Vol. 3, ed. E. 
Gross and J. Meienhofer, Academic Press, 1971). Due to the 
chemical nature of the non-nucleotide reagent, it may be pla 
at any desired position within the nucleotide monomer sequence. 
This makes it possible to design a wide variety of properties 
into polymers which contain nucleotide monomers. These include: 
(1) attachment of specific chemical moieties at any desired 
location within the polymer, such moieties can include (but are 
not limited to) detectable labels, intercalating agents, 
chelators, drugs, hormones, proteins, peptides, haptens, radical 
generators, nucleol tic agents, proteolytic agents, catalysts, 
receptor binding substances, and other binding substances of 
siological interest, and agents which modify dha transport across 
a biological barrier (such as a membrane) , and substances which 
alter solifbility of a nucleotide multimer. This means that it is 
possible to position sueh labels and intercalating agents 
adjacent to any desired nucleotide? (2) the ability to immobile 
the defined sequence to a solid support employing its linker-arm 
for conjunction to a chemical moiety of said support in order to 
construct, for example, nucleotide affinity supports; (3) the 
ability to attach multiple chemical moieties to the polymer 
through linker-arms by incorporating multiple non-nucleotide 
-onoraeric units into the polymers; (4) the ability to construct 
polymers which differ from naturally occurring polynucleotides in 



W ° 92/02532 PCT/tS9./0«769 




10 



that they have altered activities with proteins and enzymes which 
act cn polynucleotide. For example, the pltceraent of the non- 
nucleotide nonomeric unit on the 3' terminus of an otherwise pure 
polynucleotide mparts resistance to degradation by snake venoa 
phosphodiesterase. Such non-nucleotide monoaerie units may 
create specific cleavage sites for other nucleases; (5) the 
ability to construct hybridization probes by interspersing 
hybridizable nucleotide and non-nucleotide nonomeric units. For 
example, a mixed blocJe synthesis of nucleotide and non-nucleotide 
nonomera can be produced, whereby a defined sequence of 
nucleotide monomers are synthesized followed by a stretch of the 
one or more non-nucleotide monoaerlc units followed by second 
block of defined sequence nucleotide monomers; (6) the ability to 
construct synthetic probes which simultaneously detect target 
nucleotide multiaers which differ by one or more base pairs. 
This is accomplished by using the non-nucleotide reagent 
described herein to replace the nucleotides in the probe with 
non-nucleotide monoaerlc units at sites where differences oceur 
in the nucleotide sequence of the various target nucleotide 
-ultimers. 

In a preferred form of the invention, labelled 
oligomers are constructed with a defined sequence comprised of 
nucleotide and non-nucleotide monomers, in another preferred 
fornrof the invention, the non-nucleotide monoaerlc units are 
used to connect two or more defined sequence nucleotide 
sultiaers, and the non-nucleotide monoaerlc units are cheaically 
labelled for use in cross-linking reactions. 

In yet another preferred embodiment,, the non-nucleotide 
reagent is constructed in a manner to permit it to be added in a 
step-wise fashion to produce a mixed nucleotide/non-nucleotide 
polymer employing one of the current DMA synthesis methods, such 
nucleotide and non-nucleotide reagents normally add in a step- 
wise fashion to attach their corresponding monomeric units to i 
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growing oligomer chain which is covaitntly immobilized to a solid 
support. Typically, ths first nucleotide is attached to tht 
support through a cleavable ester linkage prior to the initiation 
cf synthesis. Step-wise extension of the oligomer chain is 
normally carried out in the 3' to 5' direction. For standard ONA 
and RNA synthesis methods, see for example, "Synthesis and 
Applications cf DNA and RNA" ed. s.A. Narang, Academic Press, 
1987, and M.J. Gait, "Oligonucleotide Synthesis", IRL Press, 
wash. O.C. U.S.A., 1984. Whan synthesis is complete, the polymer 
is cleaved from the support by hydrolyzing the ester linkage 
mentioned above and the nucleotide originally attached to the 
support becomes the 3' terminus of the resulting Oligomer, fly 
analogy, an alternative way to introduce a non-nucleotide 
monomeric unit is to similarly attach it to a DNA synthesis 
support prior to initiation of DMA synthesis. In a preferred 
embodiment the non-nucleotide monomeric unit is attached to a DNA 
synthesis support through an ester linkage formed using the free 
alcohol form of the non-nucleotide monomer. 

Accordingly, the present invention provides a non- 
nucleotide reagent for preparing polymers which contain a mixture 
of nucleotide and non-nucleotide monomeric units. Said non- 
nucleotide monomers additionally may contain one or more 
protected linker-arms or one or more linker-arms conjugated to a 
desired cSemical moiety such as a label, a cross-linking agent or 
an intercalating agent. 

Such a non-nucleotide monomer additionally possesses 
two coupling groups so as to permit its step-wise inclusion into 
a polymer of nucleotide and non-nucleotide monomeric units, a 
first one of said coupling groups has the property that it can 
couple efficiently to the terminus of a growing chain of 
r.onomeric units. The second of said coupling groups is capable 
=f further extending, in a step-wise fashion, the growing chair 
cf raixed nucleotide and non-nucleotide monomers. This requires 
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that the second coupling group be inactivated while the first 
coupling group is coupling, so as not to substantially couple at 
that time, but can thereafter be activated so as to then couple 
the non-nucleotide monomeric unit. The "inactivation" is 
preferably accomplished with a blocking group on the second 
coupling group, which can be removed to "activate" the second 
coupling group. However, it is within the scope of the invention 
that such "inactivation" and "activation* 4 might be accomplished 
simply by changing reaction conditions (e.g., pH, temperature, 
altering the concentration of some other component in the 
reaction system) with second coupling groups of a suitable 
chemical structure, which also lend themselves to inactivation 
and activation by such techniques* Said coupling groups permit 
the adjacent attachment of either nucleotide or non-nucleotide 
nonom^ric units. In a preferred embodiment said coupling groups 
operate through coupling and deblocking and deprotection steps 
vhich are compatible with one of the standard DMA synthesis 
methods. 

Such methods require that synthesis occur 
undirectionally and that all coupling cleavage and deblocking or 
deprotection steps occur under "non-adverse - conditions, that is 
they do not substantially adversely affect the polymer skeleton 
and its sugar, base, linker-arm and label components nor the 
nonomeric reagents. One skilled in the art can readily identify 
functionalities, coupling methods, deblocking and deprotection 
procedures, and cleavage conditions which meet these criteria 
(see, for example, the Gait reference, supra). 

The non-nucleotide monomer preferably has a skeleton, 
to the ends of which the coupling groups are linked. The 
skeleton is preferably an acyclic one to twenty atom chain, and 
preferably an acylic hydrocarbon chain of from one to twenty 
carbon atoms. 
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PREFERRED NQV-NUgt-gQTTnr Pnqffl T e 
Preferred non-nucleotide reagents comprise non- 
nucleotide nonomeric units in which the skeleton has a backbone 
of up to about 10 carbon atomi in which said backbone comprises 
at least one asymmetric carbon which remains chirally purs upon 
bsing coupled into a nuclsotids/non-nuclsotids polymer. 
Skeletons having backbones of about three carbons are preferred, 
m part, because such backbones resemble the three-carbon spacing 
of deoxyribose groups. 

One preferred aspect of the present invention is 
directed to chirally pure non-nucleotide reagents which when 
incorporated in an oligomer comprise a chirally pure non- 
nucleotide monomeric unit of the formula: 



.HHL 



.herein SKEL comprises a chirally pure non-nucleotide skeleton .f 
:rcn about 1 to about 20 carbon atoms, wherein -NHL, Y and 2 are 
covalently linked to a carbon atom of SKEL, L is a ligand, Y is - 
CH r , -o-, -s- or -MH- and 2 is -0-, -s- or -MH-. Preferably 
SKEL further comprises a backbone of about 1 to about 10 carbon 
atoms separating Y and 2. Examples of non-nucleotide monomeric 
units incorporating these preferred SKEL groups include: 



Vi 



,NHL 



■Y- 




2 C-X 
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V?- 



x,-c~ 



-NHL 
-Y-- 



(X.-C-X,), 

x.-c 



X.-C- 



■KHL 



-Z 



Nv 



(X.-C-X,), 



X.-C- 



•NHL 



(X.-C-X,), 
X.-C-- 

x. 



wherein the X t groups are independently selected from hydrogen or 
alJcyl and may be the sane or different, and q and r are 
independently selected integers from o to 10. 

Thus, in one embodiement , these preferred non- 
nucleotide reagents may be represented by the general formula: 



Cp : Z, 



.NHL 



Nrcp, 



wherein -Y-Cp t is a first coupling group, -2-Cp ? is a blocked 
second coupling group, wherein L, y and Z are as defined above 

and 

(a) the first coupling group, -YCp, is selected from: 



-OP 

I 

«5 



0 
I 

-OP-X, 



and 



u 
I 

-YP-W 
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wherein X, is halogen or substituted amino; X 2 is halogen, amino, 
cr substituted amino, or 0'; R, is alkyl, optionally substituted 
alkoxy cr optionally substituted aryloxy; and R, is alkyl, 
optionally substituted alkoxy or optionally substituted aryloxy, 
or it Xj is 0', optionally hydrogen; U^ic oxygen, sulfur or 
iaino, W is alkyl, aryl, alkoxy, aryloxy, alkylthio, arylthio, 
S", c", amino or substituted amino, and V is alkoxy, alkylthio, 
amino or substituted amino. 

(b) blocked second coupling group, -ZCp,, wherein Cp :# 
is a blocking group cleavabl* under deblocking conditions to 
recover the second coupling ^fcoup -Jttr wherein 2 is -0-, -KH- or 

Since preferred ere non-nucl*etide reagents which are 
capable of forming alkyl- or aryl-phosphonate, and in particular 
methylphosphonata, diester linkages between aonomeric units, 
especially preferred non-nucleotide reagents include those 
wherein the first coupling group, -YCp t , is selected from 



•o-p 

I 

*5 



or 



o 

II 

-o-p-x, 



wherein X, is chloro or secondary amino and R, is alkyl; X^ is 
substituted amino, halogen or o* and R 4 is alkyl. 

The ligand moiety, L is preferably selected from a 
functional moiety or from a protected linking arm which can be 
deprotected under non adverse conditions so as to be capable of 
then linking with a functional moiety (under non-adverse 
conditions) . 

In one preferred aspect of the present invention, L 
comprises a protecting group, Pr, or protected linker arm which 
can be deprotected under non-adverse conditions so is to be 
capable of then linking with a functional moiety, including a 
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cross linking agent »ueh as psoralen, or a drug carrier aolecule. 
Preferred linker anas includa thosa having ona of tha following 
formulas : 



0 
I 

(a) -C-(CH,)„-NH-Pr or 

0 o 

1 I 

(b) -C-(CHj).-NH-C-(CHj) n -KH-Pr 



I 



wherein n and m ara indapandantly intagars batvaan 1 and 13, 
prefarably batvaan 1 and 5, and Pr is a protecting group 
removable undar non-advarsa conditions. 

Ona group of particularly prafarrad non-nuclaotida 
reagants has a skalaton darivad from tha amino acid thraonina. 
Thasa preferred reagents coaprise a 3-carbon backbone having two 
asymmetric carbons, each of which remains chirally pure when 
incorporated in a nuclaotide/non-nucleotide polymer. In 
addition, these reagents having threonine-derived backbones 
advantageously have a priaary hydroxyl and a secondary hydroxyl, 
which due to their differing reactivities allow selectivity and 
high yields in the subsequent protection, deprotection, blocking, 
deblocking and derivatixation steps. In one preferred eabodiaent 
of the present invention, the first coupling group is associated 
with the secondary hydroxyl group and the second coupling group 
is associated with the priaary hydroxyl. 

Thus, according to an especially preferred aspect of 
the present invention, the threonine-basad non-nuclaotide 
reagents have the following formula: 

Cpj-Z-CH, 



R,-'c.R t 



W 1 iirn fH*!** «^*flhe^e^eiesaMe»scM] 
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wherein *C denotes an asymmetric carbon which is chirally pure, 
and wherein ona of R, an'* R, is hydrogen and the other is -HH-L 
where L is a ligaml moiety as hereinafter defined; one of Rj and 
R 4 is hydrogen and the other is lower al)cyl of about 1 to about 
10 carbon atoms, -Y-Cp, is a first coupling group, and -ZCp 2 is a 
blocked second coupling group, wherein: 

(a) The first coupling group, -YCp,, wherein Y is 
-CH 2 -, -s-, -HH-, or -o- is selected from 



V 

-OP 

I 



o 
I 

-OP-X, 



and 



U 
I 

-YP-W 



wherein X, is halogen or substituted amino; X, is halogon, amino, 
or substituted amino, or 0'; R, is alkyl, optionally substituted 
alkoxy or optionally substituted aryloxy; and R^ is alkyl, 
optionally substituted alkoxy or optionally substituted aryloxy, 
cr if x ? is o\ optionally hydrogen; U is oxygen or sulfur, w is 
alkyl, aryl, alkoxy, alkylthio, aryloxy, arylthio, 0", s\ amino 
or substituted amino; and V is alkoxy, alJcylthio, amino or 
substituted amino; and 

(b| blocked second coupling group, -ZCp,, wherein Cp 2 , 
is a blocking group cleavable under deblocking conditions to 
recover the second coupling group -Jffl wherein Z is ^Jl 9 -hh- or 



The ligand moiety, L is preferably selected from a 
functional moiety or from a protected linking arm which can be 
deprotected under non-adverse conditions so ae to be capable of 

then linking with a functional moiety (under non-adverse 

conditions) . 
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Since non-nucleotide reagents which are capable of 
forming alkyl- or aryl-phosphonate, and in particular 
nethylphosphonate, diester linkages between monoaeric units, ara 
preferred especially preferred non-nucleotide reagents include 
those wherein the first coupling group, -YCp,, is selected from 



-o-p 



or 



o 
I 

-O-P-X, 

I 1 



wherein X, is chloro or secondary amino and R, is al)cyl; x, is 
substituted amino, halogen or O* and is alkyl. 

In one preferred aspect of the preeent invention, L 
comprises a protecting group, Pr, or a protected linker ara which 
can be deprotected under non-adverse conditions so as to bs 
capable of then linking with a functional moiety, including a 
cross linking agent such as psoralen, or a drug carrier molecule. 
Preferred linker arms include those having one of the following 
formulas: 



0 
I 



(a) -0(CH,),-NH-Pr or 

0 o 

1 I 

(b) -O ( CH 2 ) ,-NH-C- ( CH 2 ) n -NH- Pr 



wherein n and m are independently integers between 1 and 15, 
preferably between 1 and 5, and Pr is a protecting group 
removable under non-adverse conditions. 

Suitable protecting groups, Pr, include 9-fluorenyl- 
methoxycarbonyl ("rmoc"), trif luoroacetyl, phenoxyacatyl and the 
like. See, e.g., Chapter 7 of Greene, Theodore W. , "Protective 
Groups in Organic Synthesis", John Wiley & Son, New York, 1981. 
These linker arms may be conveniently prepared accordirg to the 



I* 
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reaction schemes outlined in Figures 2 and 3 and described the 
Examples herein. 



UTILITY 

These non-nucleotide reagents are. useful in preparing 
oligomers having ligand moieties conjugated to the oligomer 
without adversely affecting the normal base pairing associated 
with hybridization to « target nucleic acid. These ligand 
moieties may comprise functional groups or protected linker arm* 
which nay later (after synthesis of the oligonucleotide) be 
deprotected and react with • labelling reagent to give a linker 
arm - labelling reagent complex. Functional groups of particular 
utility may include detectable labels, agents whieh react with a 
target nucleic acid such as cross-linking agents, agents which 
cleave the target nucleic acid, agents which increase the uptake 
of oligomers into cells or skin and agents whieh slow the 
excretion of oligomers from the body. 

• In certain instances, where these non-nucleotide 
reagents are incoproated into oligomers having alkyl- or aryl- 
phosphonate linkages between monoaeric units, it may be 
advantageous to incorporate nucleotide monomeric units having 
modified ribosyl moieties. The incorporation of nucleotide units 
having 2'-o-alkyl-, in particular 2«-o-methyl, ribosyl moieties 
into alkyl- or aryl-phosphonate oligomers advantageously may 
improve hybridization of the oligomer to its complimentary target 
sequence. 

• To assist in understanding the present invention, thn 
following examples follow, which include the results of a series 
of experiments. The following examples relating to this 
invention are illustrative and should not, of course, be 
construed as specifically limiting the invention. Moreover, such 
variations of the invention, now known or later developed, which 
would be within the purview of one skilled in the art are to be 
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considarad to fill within tha scop* of tha praaant invention 
hereinafter claimed. 



EXAMPLES 
EXAMPLE 1 

REDUCTION OF L-THRFOWTtTF MTTW YL ESTCT 

L-Threonine aethyl eater (purchased from Sigma) was 
reduced according to tha procadura of Stanfield at al. (J. org. 
Cham. (1981), 46, 4799): in a 300 al three necked flask, 5 g of 
L-threonine methyl eater and 200 al dry THF were mixed and 150 ml 
of l M solution of LiAlH 4 was added dropviae with stirring while 
under argon. The reaction aixture vas then waned up to the 
boiling temperature of THF and refluxed under argon overnight. 
The completion of the reaction was aonitored by TLC on Silica Gel 
which vas visualized with nintjydrin. The reaction aixture waa 
cooled to 5-10* C and quenched with dropwise addition of 0.25 M 
NaOH (100 al). The aixture was evaporated to remove over 90% of 
THF and the residue was diluted with 100 al of diaethylf oraaaide 
which facilitates the filtration. The aixture was then filtered 
through a Whataan fl paper using aspirator vacuua. The filtrate 
was evaporated to dryness and the residue was purified on a flash 
Silica Gel column. The column was packed with dichloroaethane 
and the product was eluted with 50% methanol in dichloromathane. 



EXAMPLE 3 

SYNTHESIS QF 4 -K- < l-TWOPnrfTXTrvnrvrxv^wfl^ 

4-AMIKO-n-BPTVttTe xcjt) 
Faoc-aainobutyric acid (for C4 linker arm) waa prepared 
according to the following procedure. (Note: other FWOC- 
aminocarboxylic acids are commercially available. For example, 
Fmoc-aminocaproic acid (for C6 linker arm) and Faoc-glycine (for 



£5* 
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C2 linker arm) art commercially available from Bachem, inc., 

Torrance, California). 

• A mixture of 1.8 g 4-aminobutyric acid and 1.2 4 g 

sodium hydrogan carbonate in 3 5 ml vatar/acaton. (50:50) wa. 

pr.parad and 5 g Fmoc-succinimidyl carKm.te (N-Fluorenylm.thyl- 
succiniaidylcarbonat.) (Bach.., wa. addad. Th. reaction mixture 
was stirrad ovarnight at room tamparatura. Th. pH of tha 
reaction aixtura wa. adjusted to 2 by IN HC1 and th. aolv.nt wa. 
renov.d undar raducad pra.aur. and tha ra.idur wa. dia.olv.d in 
2 0 ml athanol and filters. Tha filtrate v.. evaporated to 
dryna*. and tha ra.idua was tak.n up in dichloromethana and 
filtered to giva 4.8 g of pure product. 

'H KM* in DHSO-d6, 1.61 (CH,) , 2.22 (CH,) , 3.01 (CHj-N) , 
4.32 (CH,-O0), 4.22 (NH) , 7.23-7.95 (8 aromatic proton.). 



EXAMPT.F T 

BLOCKING OF THT Mffwr v ft T m or prnn^rp ^.rwprnuT^ 

Th. a«in. moi.ty of th. r.duc.d L-threonine v.. coupl.d 
with a 9-fluor.nylm.thoxycarbonyl ("Fmoc") group u.ing with a 
procedure similar to th. Fmoc-aminobutyric acid preparation 
described abova. Aft.r th. ov.rnight reaction, adju.tm.nt of th. 
PH wa. not n.c....ry. Th. aolv.nt wa. r .»ov.d and th. residue 
was dia.olv.d in 40 ml dichlorom.than. and axtract. d with wat.r 
(2 x 50 ml). Th. organic ph... wa. than dri.d and purified on a 
flash Silica C.1 column. Th. product wa. .lut.d with 2% methanol 
in dichloromathana to give 3.88 g of th. product. 

'H KKR 1.20 (CH,), 2.85 (NH) , 3.26 (CH) , 3.48 (CH) , 
3.72 (OH), 7.3-7.9 (8 aromatic protons). 



EXAMPT* A 

PREPARATION OF ^r-pr^^p T , TMTrrt? m ^ 
nwc-gT . Yffnrf>TfTnQ-CAPRQTC Arm id . 

CAPRQIC ACTP fClQI AND wnr-M^.TT^ ^ e APTn fn?] 
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Faoc-glycina, Faoc-4-aainobutyrie acid and Faoc- 
aainocaproic acid vara ceuplad to tha aminocaproie acid in ordar 
zo synthaslza the above-identified C8, CIO and C12 linkar arm. 
Tha daairad Faoc-aaino acid (17 mael) waa driad with co- 
evaporation with dry pyridina (3 x 30 al) . Tha driad aaterial 
waa than dissolved in 30 al of dry diaethylforaaaide and 30 ml 
dry tetrahydrofuran was added. Tha solution was coolad to o*c 
and l equivalent (17 aaol) of N,N-diiaopropylethylaaine was 
addad. Whiia stirring, l aquivalant of triaathylacatyl chlorida 
was addad dropwisa at 0«C and stirrsd for 43 ain. 1.2 aquivalant 
o; dry aainocaproic acid was than addad and tha raaction aixture 
was waraad up to rooa taaparatura and stirrad ovamight. Tha 
prograas cf tha raaction was aonltorad by TIC. Aftar tha 
completion, tha solvents wara avaporatad undar raducad prassura. 
Tha rasidua was raconstitutad with 50 al watar and tha pH was 
adjustad to 2 by IN HC1. Tha mixtura was extracted with 100 al 
of ethyl acetata and tha organic phasa was washad with 20 al of 
watar and driad (MgS0 4 ) . Tha mixtura was than f iltarad and tha 
solvant was avaporatad undar raducad prassura to a volume of 
about 4 0 ml. Haxana was addad dropwisa to this solution until 
cloudinass and claarad by hasting. Tha product was than 
crystallised ovarnight. 

£i 'H NKR in DKSO-d6, 1.30 (CH,) , 1.39 (CH,) , 1.48 
(CH,),^2,20 (CH,-N), 3.0« (CH, of FMOC) , 3.58 (CH,-C00H) , 4.24 
(2NH), 4.34 (CH of FMOC and CH, of Glycine), 7.3-7.9 (8-Aromatic 
protons) . 

£12 'H NKR in DMSO-d«, 1.30-1.70 (5CH,'e), 2.07 (CH,) , 
2.20 (CH-N), 3.0-3.1 (CH,-COOH and CH, of FMOC), 4.26 (2NH) , 4.31 

(CH of FMOC) , 7.3-7.9 (8-Aroaatic protons) . 

£12 1 H NKR in DMSO-d6, 1.2-1.5 (6CH,«s) , 2.00 (CH,-N) , 
2.18 (CH,-N), 2.9-3.0 (3CH,-C-0) , 4.23 (2NH) , 4.31 (CH, of FMOC), 
7.3-7.9 (6 -Aromatic protons) . 
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EXAMPU! * 

COUPLING OF RZDUCEn T.-THBTQwtwf T q t.tvtt^ ft Bn s 
The desired linker am (ll mmol) , which was mad. 
according to Examples 2 or 4 above (r-oc-glycina (C2), Faoe-4- 
aainobutyric acid (C4), r»oc-caproic 1C6J , Faoc-glycyclaaido- 
caproic acid (C8), Faoc-4-aainobutyrylaaidocaproic acid (CIO) , 
and Faoc-aainocaproylaaidocaproic acid (C12) ) , was dried with co- 
evaporation with pyridine |3xjo«1). The dry residue was 
dissolved in 4 0 al of a aixtura of anhydrous diaathylforaaaide 
and anhydrous tatrahydrofuran (1:1). The solution was eoolad in 
an ica bath and 1 equivalent of diisopropylathylaaina was added, 
while stirring, l.i equivalent of tr iae thy 1 acetyl chloride was 
added dropwise and stirred for 43 aln at 0«C. A solution of 1.3 
equivalent of reduced L-threonine (Exaaple 1 above) wes added and 
the reaction aixtura waa allowed to wara to rooa teaperature and 
stirred for one hour. The progress of the reaction waa monitored 
by TLC on Silica Gel which was developed by CH,Cl,/CHjOH/CH,COOH 
( 10:1: 0.1) solvent systaa. After. the completion of the reaction, 
the solvent was removed under reduced pressure and the residue 
was mixed with 50 al ethyl acetate. The water soluble materials 
were removed by extraction with 40 al saturated a odium 
bicarbonate. The organic phase was washed with 20 al of water 
and dried (MgS0 t ) . The product was crystallized froa ethyl 
acetate^" 

« L l nKtT 'H NKR in DMS0-d«, 1.03 (CH, of reduced L- 
threonine), 3.35 (OH), 3.3-3.45 (2CH) , 3.91 (KH) , 4.27 (other 
NH), 4.31 (OH), 4.34 (CH,) , 4.63 (CH, and CH of FMOC) , 7.3-7.9 

(8-Aroaatic protons). 

CI Linger 'h NKR in DMSO-d6, 1.03 (CH, of reduced L- 
threonine), 1.62 (CH,) , 2.14 (CH,) , 2.91 (CH) , 2.97 (CH,) , 3.3-3.5 
(2CH), 3.63 (OH), 3.84 (OH). 4.23 (CH) , 4.33 (CH and CH, of 
FMOC), 4.60 (NH), 6.32 (HH) , 7.3-7.9 (8-Aromatic protons) . 



m 
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C6 Llnkar *H NMR in DMS0-d6, 1.03 (CH, of reduced L- 
threonine), 1.3-1.7 (3 CH 2 '»), 2.52 (CH 2 -N) , 3.12 (CH-OO) , 3.8- 
3.9 (2 OH), 4.1-4.2 (2CH) , 4.41 (CH ? Of FMOC) , 5.22 (NH) , 6.48 
(NH) , 7.3-7.9 ( 8 -Aromatic protons) . 

CB LtnKtr 1 H NMR in DMSO-d6 major proton signals are 
as follows: 1.01 (CH, of rsducsd L-threonine) , 1.22-1.52 (3 CH, 
Of caproate), 3.62 and 3.84 (2 OH), 5.35 (NH) , 6.18 (NH) , 7.3-7.9 
(8-Aroraatie protons). 

CIO LlnKttr 1 H HKR in DMSO-d6, 1.02 (CH, of raducad L- 
threonine), 1.3-1.50 (4 CH,'s), 3.64 (OH) , 3.82 (OH), 4.64 (NH) , 
6.33 (NH) , 6.62 (NH) , 7.3-7.9 ( 8 -Aromatic protons) . 

C12 LlnKtr *H NKR in DMSO-d6, major proton signals for 
idantification 1.01 (CH, of raducad L-thraonina) , 1.30-1.50 
(6CH,'s), 3.63 (OH), 3.82 (OH) , 4.62 (NH) , 6.31 (NH) , 6.63 (NH) , 

7.3-7.9 (8-Aromatic protons). 



EXAMPLE 6 

PIMETHOXY TRTTYTATTON OT TOT PRTMABV nv moxvt. MnTrry 
Of THE NON-NTTCTTOTTPg PTinrvr 
Tha dasirad non-nucleotide raagant (6 wool), which was 
mada according to Examples 3 and 5 «bove, vas driad by co- 
evaporation with dry pyridina and dissolvad in 15 *i of dry 
pyridina. A solution of 2.2 g of dimathoxytrityl chlorida in 20 
ml ot CH,Cl,/pyridina (1:1) was addad dropwisa with stirring. 
Tha raaction continuad at room tamparatura for 45 min. Tha 
prograss of tha raaction was monitorad by TLC. Aftar tha 
complation of tha raaction it was quanchad by tha addition of 2 
nl methanol which was stirred for 10 min. Tha solvents ware 
removed under reduced pressure and tha residue was dissolved in 
50 ml of dichioromethane and extracted with saturated sodium 
hydrogen carbonate (2 x 50 ml) followed by water (30 ml). The 
organic phaee was dried (MgSOJ and filtered. After the 
evaporation of the solvent, the residue was purified with a flash 
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column chromatography. Tha product was alutad with 2% nathanol 
in dichloromathana containing 0.5% triathylamina. 

" L l nKtr 'h nmr, cdci,, lib (ch, of raducad l- 

thraonina), 1.63 (CH) , 2.83 (KH, , 3.77 (2 CH, of DMT) , 3.82 (CH, 
of FMOC), 5.48 (CH,-0-DMT), 6.82-7.90 (2V«.ro»atiC proton.) . 

« Ll nKer 'h nmr, cdci,, lis (ch, of r.duc.d l- 

thraonina), 3.78 (2 CH,'s of DMT) , 4.35 (CH,-0-DMT) . 5.98 (NH) 
6.80-7.78 (21 aromatic protons). 

C4 . Ll nKer 'h NMR, CDCl^ major signals 1.18 (CH, of 
raducad L-thraonina), 1.83 (CH,), 2.28 (CH,) , 3.74 (2 CH, of DMT), 
-21 (OH), 4.38 (CH, of FMOC) , 5.22 and 6.42 (2 NH) , 6.80-7.65 
.'21 aromatic protons). 

Cfi L l nKer 'h NMR, COCI, major paaXa 1.12 (CH, of 
raducad L-thraonina) , 1.3-1.6 (3 CH,'s), 3.75 (2 CH, of DMT) , 
<-38 (CH, of FMOC), 6.80-7.90 (21 aromatic protons). 

" Un*** CDCI, Major idantifying signals v.*. 

1.12 (CH, of reducad L-thraonina), 3. 80 (2 CH, of DMT), 5.42 (CH, 
= * FMOC,, 6.18 and 6.321 (2 NH) , 6.82-7.80 (21 aromatic proton.)'. 

C12 . LlnKftf 'H NMR, CDCI,, major idantifying signals 
wer. 1.12 (CH, of raducad L-thraonina), 3.78 (2 CH, of DMT), 4.59 
(CH, of FMOC), 6.8-7.8 (21 aromatic protons). 

C I O L l nKltr 1 H NMR, COCI, 1.18 (CH, of raducad l- 
thraonina), 3.78 (2 CH, of DMT), 4.40 (CH, of FMOC) , 6.8-7.8 (21 
aromatic protons) all rna CH, and CH (non-aromatics vara also 
acccuntad for but not assignad) . 



EX AMP! 



reTHYLPH0SPHTNVr,ATTOM OF rre grro M pABY Hynpovyy , 
CT THE WQN-NTTCTiFOTTDF. PTXcrm^ 
A DMT blockad linJcar an mad. according to tha 
procadura daseribad in Exaapla 6 abova (4 mmol) ««, driad by co- 
evaporation with dry pyridina and tha rasidua was dissolvad in 20 
al of anhydrous dichloromathana. Undar cloa.d argon a-.aosph.r 
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1.5 equivalent of diieopropylethylamine was addtd and 1.-2 
equivalent of v , N-diisopropylmethyphosphinaaidic chloride 
; (CHj) 2 CH] 2 NP(CH 3 )Cl vas added dropvise. Tha reaction was 
completed in 4 5 min. Tha aolvant vas removed under reduced 
presaure and the residue vas purified^on a flash Silica Gel 
column. The column vas packed with ethyl acetate/hexane (1:) 
containing 5% triethylaaine and vashed vith the ethyl 
acetate/hexane containing 1% triethylaaine. The reaction mixture 
vas than loaded on the column and the product vas eluted vith 
ethyl acetate/haxane (1:1) containing 1% triethylaaine. 

Other non-nucleotide reagents are prepared by coupling 
of the linker arm-modified reagents aade according to the methods 
deacribed in Example 6 vith other phosphorylating agents such as 
N,N-diisopropylaethyl phoaphonaaidic chloride, 
[ (CH 3 ),CH] 2 NP(0CH S )C1, and 2-cyano-ethyl N,H-diisopropylchloro- 
phosphoraaidite, [ (CHj^CHJ^ciJOC^CHjOl. Such reagents are 
useful in the synthesis of phosphate diester coupled non- 
nucleotide-oligomers. 

£Q *H NMR, CDClj, 0.9-1.3 (18 protons of 6 CH 3 's), 3.11 
(CH, of FMOC), 3.78 (2 CH, " s of DMT) , 4.42 (CH 2 -0-DMT) , 4.98 (KH) , 
6.8-7.8 (21 aromatic protons). 

£1 1 H NMR, CDClj, 0-9-1.2 (18 protons of 6 CHj's), 1.88 
(CH,), 2.21 (CH,), 3.08 (CH, of FMOC) , 3.80 (2 CH,»s of DMT), 4.36 
(CH r 5-DMT), 3.16 (KH) , 3.73 (NH) , 6.8-7.8 (21 aromatic protons). 

£fi *H NMR, CDClj, 0.9-1.2 (18 protons of 6 CHj's), 1.18- 
2.2 (4 CH 2 's), 3.07 (CH, of FMOC) , 3.78 (2 CHj's of DMT), 4.42 
(CH 2 -0-DMT), 5.6 and 6.21 (2 NH) , 6.8-7.8 (21 aroaatic protons). 



EXAMPLg a 

METHY1PH0SPHTNYIATION or TKT sgrannipv if YPgoyy Mn Tm 
OF K HQH- NUCLEOTIDE BEAflnrr havtma 1 r^ .LTmrrp xo M 

A 4 amol portion of a dimethoxytrityl (DMT) -blocked non- 
nucleotide reagent having a C6 linker arm (prepared according to 
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the m.thod. d.scrib.d in cm.pl. 6 h.r.in) wa. dri.d by co- 
evaporation with dry pyridln.. Th. r..idu. wa. di..olv.d in 20 
= 1 of anhydrous dichlorcthana. Un d.r a clo.ad argon 
a»o.ph.r.. 1.3 aquival.nt. of N,N-dii.opropyl.thyla»in. v.. 
added, than 1.2 .quiv.l.nt of N.N-dii,o W y la .thyip h o.phon. a idic 
chlorid. [(CH^CH^PfciJOCH,, wa. add.d dropwi... Tha r.action 
nixtur. wa. than wor*.d up u.ing th. procdur.. d.acrib.d in 
Exanpi. 7 to giv. 3.2 a* 0 f th. abov.-id.ntif i.d product. 

'H NMR in CDC1„ t p paj 1 - 1 . 5 (5 „ thyl ^ ^ 
-thyl.n.,, 1.42 (C H,> . 1.73 and 1.73 (2 , 2.21 (CH,-N, , 3 . 15 
fCH I -O0,, 3.78 (2 CH, of DMT) , 6.80-7.85 (21 arctic proton.,, 
-ther proton signal, praa.nt w.rc not a- -.ign.d. 



EXAMPT.F ? 

PBEPARATTQTf Of A PHOSPH*tf nrrc^ fTT l Tff m 
WHICH INCORPORATES A Mrreo*VTm^ PTTmnTn TTr 
' Wy-roffT . rfTTTnr REnfiFNT Hmwr i c* rr Wn m 
A phosphat. di..t.r oligod.oxyribonucl.otid. wa. 
s/nthasizad which incorpor.t.d a c. -.thoxypho.phora.idlt. non- 
nucl.otid. r.ag.nt in th. following ..qu.nc: 

5 ' -TTT-AAC-CAC-ACT-TCA-AAA-GCC TT-CAG-CG-<C8-Lin*.r> -T-3 • 

wa. prepare according to th. following procdur.. 

Th. C8 -.thoxypho.phora.idit. non-nucl.otid. r.ag.nt 

fi-2-di B .thox y trityl-2.HtH.-(M--fiv^. n yi- B .t h oxyc.rbonyl.6- 
aminoh-xanoyl, -2-a.ino.c.tyl,-,^. .V-dii.opropyl..thoxy. 
p h o, P hi„ylj. 2 . aBino . lf2 . dihydroxybutana) wM diMoiv>d ^ ^ 

acatonitril. at a conc.ntr.tion of loo « and couplad into th. 
oligonucl.otid. ..gu.nc. u.in, . Bio...rch Mod.l 8750 OKA 
synth..i 2 . r by standard pho.phora.idit. -h.»i.try (M .h. 
Caruth.r., .t .1., M.thod. of Enry.-:. ^ :2 87-313 u, MJ , 
according to th. manufacture » r.coma.ndation.. Th. 
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5'dimethoxytrityl protecting group vai left on at the end of the 
synthesis to permit purification on a Sep-Pak T " CIS cartridge 
(Millipore/watere, Bedford, MA) as described by K.M. Lo et al. 
(1984, Proc. Katl. Acad. Sci. USA, 81, pp. 2285-2289). During 
this procedure, the di..€hoxytrityl pwtecting group was reaoved. 

EXAMPLE 1ft 

PREPARATION OF MTTHYTiPHOS phomatp nT i Tnf i fffff ' i 
WHICH TWCQBPOPATF Mn M -Np gT .roTTn*; Kr.xr.Tvrx 

7 

< a > Preparation of Methvinho«,h 0 n,,r. m lTTnmrn 

Methylphosphonate oligomers which incorporated non- 
nucleotide reagents of the present invention vera syntheeir.d 
using methylphosphonaaldite aonoaers and non-nucleotide 
methyl phosphonamidite non-nucleotide reagents, according to 
chenical methods described by P.s. Miller et al. (1983, Nucleic 
Acids Res., ii, pp. «225-«242), A. Jager and J. Engels (1984, 
Tetrahedron Lett., 25, pp. 1437-1440), and M.A. Doraan et al. 
(1984, Tetrahedron, 40, pp. 95-102). Solid-phase synthesis w., 
performed on a Bioseerch Model 8750 ONA Synthesizer according to 
the manufacturer's recommendation, with the following 
modifications: »G« and "C" monomer, were dissolved in 1:1 
acetonitrile/dichloroaethane at a concentration of 100 «M. »A« 
and "f "monomers wars dissolved in acetonitrile at a 
concentration of 100 mM. Non-nucleotide linker reagents were 
dissolved in acetonitrile at a concentration of 120 «M. DEBLOCK 
reagent - 2.5% dichloroacetic acid in dichloroaethane. OXIDIZER 
reagent - 25 g/L iodine in 2.5% water, 25% 2,«-lutidine, 72.5% 
tetrahydrofuran. CAP A ■ 10% acetic anhydride in acetonitrile. 
CAP B - 0.625% H.N-diaethylaainopyridine in pyridine. The 5'- 
dimethoxytrityl protecting group was left on at the end of the 
synthesis to facilitate purification of the oligoaers, as 
described below. 



t :. *tj$p- ~ 2- » ^ * ^ 
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The crude, protected non-nucleotide reagent 
incorporating methylphosphonate oligomers vara removed from tha 
solid support by mixing with concentrated ammonium hydroxide Cor 
two hours at room tanparatura. Tha aolution was drainad from tha 
support using an Econo-Colu*n r " (Bio-Rad^. Richmond, CA) and tha 
support was .washad five timas with 1:1 acatonitrila/watar. Tha 
elutad oligomer was than avaporatad to dryness under vacuum at 
room temperature. Next, the protecting groups were removed from 
the bases with a solution of athylenediamine/ethanel/acetoni- 
trile/water (50:23.5:23.5:2.5) for 6 hours at room temperature. 
The resulting solutions were then evaporated to dryness under 
vacuum. 



(b) PUr i r i CfltlPn Of llnKir-fflOdlfled m«1-hvlnh Q ,nhn„ n . 0 n gnw . rfl 

The 5«-dimethoxytrityl (trityl) containing oligomars 
were purified from non-tritylatad failure sequences using a Sep- 
Pak'" C18 cartridge (Millipore/Waters, Bedford, MA) as follows: 
The cartridge was washed with acetonitrile, 50% acetonitrile in 
100 mM triethylaamoniua bicarbonate (TEAS, pH 7.5), and 25 mM 
TEAB. Next, the crude methylphosphonate oligomer was dissolved 
in a small volume of 1:1 acetonitrile/water and then diluted with 
25 nM TEAB to a final concentration of 5% acetonitrile. This 
solution was then passed through the cartridge. Next, the 
cartridge" warn washed with 15-20% acetonitrile in 25 mM TEAB to 
elute failure sequences from the cartridge. The trityl-on 
oligomer remaini.-g bound to the cartridge was then detrityla.ad 
by washing with 25 mM TEAB, 2% trif luoroacetic acid, and 25 mM 
TEAB, in that ordar. Finally, the trityl-selected oligomer was 
elutad from the cartridge with 50% acetonitrile/watar and 
evaporated to dryness under vacuum at room temperature. 

The linJeer-modified nethylphosphonate oligomers 
obtained from the previous step, above, were further purified by 
reverse-phase HPLC chromatography as follows: A Becfcaan System 



WO 92/02532 



30 



PCT/LS91/08769 



Cold HPLC, described in a previous example, was used with a 
Hamilton PRP-i coluan (Reno, NV, 10 »i, 7 ma i.d. x 303 ma long). 
Buffer A - SO mM triethylamaoniua acatata (pH 7); Buffar B - 50% 
acatonitrila in 50 mM triethylamaoniua acatata (pH 7) . Tha 
sampla, dia.olvad in a .mall voluaaja^ 10-30% acetonitrile/water, 
was loadad onto tha coluan whila flowing at 2.5-3 ml/ainuta with 
100% Buffar A. Next, a linaar gradiant of 0-70% Buffar B was run 
ovar 30-50 minute, at a flow rata of 2.5-3 al/ainuta. Fraction, 
containing full-length non-nuclaotida raagant incorporating 
methylphosphonate oligoaar wara avaporatad undar vacuua and 
resuspandad in 50% acatonitrila/watar. 

EXAMPTJ 11 

L ABE L LING 07 PHOSPHATE T)7Tsm nT.TffnwCTs tm^b^ ^ jj^ 
A C8 LINKER ARM NOH-NTTrTTOTTPg mvnH w* wrru g Tm Tf 

Tha phosphate diastar oligonuclaotida of Exaapla 9 (19 
nmoles) was suspandad in 115 M l of 0.15 M HEPE3 buffar (pH 8.0). 
Next, NHS-LC-biotin(Pi.rc. Chaaical Co., RocJcford, IL) wa. add.d 
(10 «1 of a 100 nM solution in diaathyl.ulfoxida) . Tha .olution 
was heatad at 37 -c for 30 ainutaa. Additional NHS-LC-biotin 
solution wa. addad (10 „i) and tha r.action wa. continuad for 30 
minutes at 37-c. Naxt, tha biotinylatad oligonuclaotida wa. 
precipitatad by addition of 3 M sodlua acatata buffar (pH 5.5, 15 
ul) a*d absolute athanol (500 M l); tha ra.ulting .olution wa. 
chiliad in dry ica for 30 ainutaa. Tha product was racovarad by 
cantrifugation for 15 ainutaa at 4'C in a aicrocantrifug. and tha 
supernatant wa. discarded. 

Tha product was than dissolved in water (100 ul) and 
purified by raverse-phaaa HPLC chroaatography according to tha 
following method. The HPLC apparatus consisted of a Beckaan 
Systea Cold Model 126 Solvent Module and Modal 167 Detector 
interfaced to an IBM coapatible coaputer. A PLRP-s coluan waa 
usad (Polyaer Laboratories, 8 „, 300 A pore aize, 4.6 ma i.d. x 
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250 „ long, . Buff.r A ■ 50 dm tri.thylaa.oniu, .c.t.t. (p „ 7) . 
auffer B - so, ac.tonitril. in 50 «M triethyiaaaoniu, ac.tat. ( p„ 
» • A linear gradi.nt of 20-601 B ua, run ov.r 30 . lButM at . 
.'low rat.r of 1.5 »l, B inut.. Und.r th... condition., th. 
oxotinylat.d product oUgonucl.otid. at 10 . 3 



EXAMPTT 1? 



PHgspHftTF nrmnt PLmnrTrmnr m , m lmn||| 

sor.Tn gTTPPTTTT 



Th. biotinyl.t.d oUgonucl.otid. of 

: ab .n. d with », at th . 3 ,. t .„ lnu . u>ing tr j^^W ^ 



_ . ■ * «• * /^J-ATF T3000 

™ T 4 " di " 01Y • ,, ln " " l " 50 - <>» » 

«. th. „ lut lo„ ... inc..,.,, f „ „ BlnutM >t 
t..p.r.t„r.. ra . product _ # 

«—* -» c.l^ ,„.„ Huel..t/0uPont) .ee= rtl „, t0 th . 

nanur.etur.r's In.tructlon.. 

Th. »P- 1U ,. UM m.^!.^ ollwtlcI . otld< 

* 0-5 - - « ,„ ltt . p6Mph . t . (pH 

congou „„. . 1M eont , lnlB? ^ 

P « » >*.«„ ,c lbl ^„ eotp .. s .„ O1 ., 0i a) H 

•l •« "K-UIHW. ,Pl.r=. aniM1 co .. Rock<OMi 
to ..ch «. .„„ th . nt . nt , v „. >ixM on m 

» Th. Mb .. w . „.„ for t >imtM 

=icro..„« ifu ,. t0 p . u « „, . tr . pt .. ldln .., <roMt m m> 
-p.™. „.„ M (rMh ^ ^ ^ ^ 

-h.n v..h« twic. „1,„ 0.5 .1 „ „,,„., (S .. aM 

* e,ntr " u "»<>» tr.„. f . rr . d 
- rr..h tub... Th. tUb .. ».„ countM for „ alo . ctlvlty Jn t 
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scintillation counter. Saaples prepared without the addition of 
free biotin bound to the streptavidin-agarose support at graater 
than 85». Samples praparad with addad fraa biotin (control.) 
bound to tha support at lass than 0.5%. 

EXAMPLE n 

LABELLING QF h MFTHYLPHQ5?PHOW»Tg oi.Tr.nww twcqbpop^t^ ft ri 
LINKER N0N-Nnst,EOTTnr mqwompp wt tm Pgn B » T | r N 
A C4 linker-aodified mathylphosphonata oligoaer was 
praparad having tha following sequence: 

5 • Gac-TTT-TOA- <C4-linker> -ACT-CTO-CTT-3 ' 

whara tha bold latter, (including C4-linx.r) r.f.r to basa. or 
non-nuclaotid. aonoaerie units conn.ctad by a.thylpho.phonate 
linkages and tha uppar easa lattar. rafar to basas connactad by 
diestar linkag... Tha aethod of synthesi. and purification of 
this oligonuclaotid. is d.scribad in a praviou. .xaapla, abova. 

This oligoaar was laballad with a psoralan-MHS 
labelling reagant as follows: 

Tha following coupling raaction of NHS-psoral.n raagant 
to linkar an (prasant in tha oligomar) was earriad out in a 1.5 
=1 polypropylana aicrofuge tuba. Approxiaat.ly 3.4 ag (98 OD l40 
units) -ef tha oligoaar was dissolvad in 100<il of 1:1 
acatonitrila/watar. N.tt, tha following raagants war. addad in 
order, with vortaxing at aach addition to avoid precipitation of 
tha oligoaar: diaethylsulf oxide (170^1), water (loo al) , l m 
HEPES buffer, P H 8.0 (50 »l) , and 50 aN psoral.n-NHS reagant in 
diaathyisulfoxid. (80 „1). Total voluaa: 500 al. Tha aixtura 
was reacted for 2.5 hours at roo. taaparatura in tha abaence of 
light. Ethanol (1 »l, was than addad, and tha r.aulting solution 
was chiliad at -20 'C ovamight. Tha tuba was than spun in a 
aicrocantrifug. for 5 ainuta. and tha supernatant wa. a.pirat.d 
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and discarded. The resulting pellet wa. re.usp.nde* in 500 Bl 0 f 
::i ac.tonitril./vat.r and filtered through . 0 . 22 « ouraper." 
.^er.brane to remove particulate material. 

HPtC purification of th. solution of crude psoralen- 
oligomer conjugate described above was-eShducted a. follows: a 
Beckman System Gold analytical HPLC system wa. used with a 
Hamilton PR P -i colunn (4>1 x 250 m) > Buff-r> ^ ^ 

wre: Buffer A - 50 mM tri.thylamaonium acetate (p H 7) : Buffer B 
- 50% ac.tonitril. in 50 mM tri.thylamaonium acetate (p H 7). The 
sample „ a , leaded onto th. column in five 100 «l portion, at two 
mnuw interval, with a 500 „1 ...pi. loop while th. column wa. 
lowing at l.s ml/min with 10% Buffer B. Next, a U n .. r g radi . nt 
from io - 70% Buffer B w.. run ov.r 30 »i„„t... Fraction, were 
collected at 0.5 minut. int.rv.l.. ond.r th... condition., 
unmodified oligomer and p.oral.n-modif led oligomer elut.d at 17 9 
ninutes and 2 1.7 minutes, respectively, faction, containing th. 
psoralen-modified oligomer w.r. pool.d and .v.por.ted. Th. 
overall yield wa. 16%. 



EXAMPT.F M 

CTOSS-LTnW, Pf PS Off n TiFN-T R BFT T rn ^r^^ m rr 



A Phosphate di..t.r oligonucl.otid. compl.m.ntary to 
the methylphosphonat. oligomer of Exa.pl. 13 wa. .ynth.siz.d on a 
Biosearch Model 8750 DMA Synth..iz. r according to th. 
manufacturer's r.coaa.ndations ; ...i, oligonucl.otid. ha, the 
following sequence: 



5 ' -AAG-CAG-AGT-TCA-AAA-GCC-3 ' 

The psoralen-modified m.thylpho.phonat. oligomer, prepared 
according to th. proc.dur. of Exaapl. 13, wa. llbilid at lts 
end with »P as described above (See Example 12,. The »P- 
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labeled, psoralen modified oligomer (10-50,000 cpm) was 
nytriditad to its diester oligonucleotide target (l pmol, above) , 
in a boroailicata glass vial containing 10 ul of 10 aM Tris (pH 
7.2), 0.1 nM EDTA, 0.03% potassium sarxoaylate at 37*c for 30 
ninutas. control raaetlons war* aMo-run without tha diastar 
oligonuclaotida targat. Tha vials vara than irradiatad at 365 nm 
on crushad lea using a Modal B-100A long wavalangth ultraviolat 
lamp (uvp, inc., San Gabrial, CA) at a distanca of is 
centimeters. Intansity of irradiation at this distanca vas 
greater than or equal to 60 uW/ioo em 1 . Aftar 30 ninutas, 901 
formamide containing 0.1% broaphenol blue, 0.1 M tris-borata-EDTA 
buffer ( P H 8.2) vas addad (5 ul) and tha saapla. vara loaded onto 
a 15% polyaerylaaide gal containing 7 Kuril (o.s aa) . Tha gal 
was electrophorasad at 900 V for 2 hours. Tha vat gal vas than 
placed betvaan tvo sheet, of Saran Wrap 1 " and exposed to XAR-5 
film (Eastman-Kodak, Rochester, NY) for 30-60 ainutes. The 
resulting autoradiograph ravaalad upper bands for samples 
containing diester targat oligonucleotide vhich aigrated slover 
m the gel than the bands corresponding to psoralen-aodif led 
nethylpnosphonate oligomer alona. using tha autoradiograph as a 
template, the bands vara than excised from tha vet gel vith a 
scalpel and counted in a scintillation counter. Baaed on this 
method, it vas determined that cross-linking of psoralen-aodified 
methylphosphonate oligomer to its coapleaentary diester target 
was greater than 95%. 
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We clais: 

1. A chirally purt non-nucleotide reagent suitable for 
preparing a nuciaotida/non-nucleotide polymer and which remains 
chirally pure when incorporated into said polymer which comprises 
a non-nucleotide oonomeric unit which has a chirally pure non- 
nucleotide skeleton and connected to the skeleton has a ligand 
moiety and first and second coupling groups , wherein the first 
coupling group is capable of coupling the skeleton to a first 
additional monomeric unit, while the second coupling group 
remains inactivated so as to be substantially incapable of 
coupling, but which can thereafter be activated under non-adverse 
conditions to couple the skeleton to a second additional 
monomeric unit, wherain said nucleotida/non-nucleotide polymer 
comprises at least one nucleotide monomeric unit. 

2. A non-nucleotide reagent according to claim 1 
wherein at least one of the first and second additional monomeric 
units comprises a nucleotide monomeric unit. 

3 . A non-nucleotide reagent according to claim l 
wherein said nucleotide/non-nucleotide polymer comprises at least 
one phosphate diester linkage between monomeric units. 

4. A non-nucleotide reagent according to claim 3 
wherein said nucleotide/non-nucleotide polymer comprises a 
phosphate diester oligonuclaotide. 

5. A non-nucleotide raagent according to claim l 
wherein said nucleotide/non-nucleotide polymer comprises at least 
one linkage between monomeric units selected from 
phosphorothioate, phosphoramidate and neutral phosphate ester 
linkages. 

6. A non-nucleotide raagent according to claim l 
wherein caid nucleotide/non-nucleotide polymer comprises linkages 
between monomeric units of the following formula: 
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wherein U is oxygen, sulfur or imino; Y is -CH 2 -, -S-, -0-, or - 
NH-; Z is -S-, -0- or -NH-r and W is alkylT aryl, alkoxy, 
aryloxy, alkylthio, arylthio, S\ 0", amino or substituted amino. 

7. A chirally pure non-nucleotide reagent according 
to claim 1 wherein said non-nucleotide monoaeric unit coaprises: 



*SKEI 



wherein SKEL comprises a chirally pure non-nucleotide skeleton of 
about 1 to about 2 0 carbon atoms, wherein -NHL, Y, and 2 are 
covalently linked to a carbon atom of SKEL; L is a ligand? Y is 
-CH 2 -, -0-, -s- or -NH-; and 2 is -O-, -s- or -MH-. 

8. A non-nucleotide reagent according to claia 7 
wherein SKEL comprises a backbone of about 1 to about 10 carbon 
atoms between Y and 2. 

9. A non-nucleotide reagent according to claia 8 
wherein L comprises -Pr or. a protected linker arm selected from: 



0 
I 

-C-(CH,) n -NH-Pr 



and 



O O 

s i 

-C- (CH 2 ) ,-NH-C- (CHj) n -NH-Pr 



wherein n and m are independently integers froa about 1 to about 
15 and Pr is a protecting group removable under non-adverse 

conditions. 

10. A non-nucleotide reagent according to claia 1 
wherein said non-nucleotide monoaeric unit comprises: 
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-Z-CH, 



R,- C-R, 



wherein at least one of +C is a carbon atom which comprises a 
chiral center, one of R t and Rj is hydrogen and the other is -NH- 
L wherein L is a ligand; one of R 3 and R 4 is hydrogen and the 
other is lower al)cyl of about 1 to about 10 carbon atoms; Y is - 
CH 2 -, -0-, -s- or -HH-; and 2 is -0-, -S-, or -KH-. 

11. A non-nucleotide reagent according to claim 10 
wherein the L comprises -Pr or a protected linker arm selected 
from: 

0 
I 

-C-(CH 2 ) n -KH-Pr and 

0 0 

1 I 

-C- (CH 2 ) ,-MH-O (CH 2 ) n -KH-Pr 



wnerein n and m are Independently integers from about 1 to about 
15 and Pr is a protecting group removable under non-adverse 
conditions. 

12. A non-nucleotide reagent according to claim 11 
wherein said nucleotide/non-nucleotide polymer comprises at least 
one phosphate diester linkage between monomeric units. 

13. A non-nucleotide reagent suitable for preparing a 
nucleotide/non-nucleotide polymer having at least one alkyl- or 
aryl-phosphonate linkage between monomeric units which comprises 
a non-nucleotide monomeric unit which has a non-nucleotide 
skeleton and connected to the skeleton has a ligand moiety and 
first and second coupling groups, wherein t\ i first coupling 
group ic capable of forming an alkyl- or aryl-phosphonate linkage 
between the skeleton and a first additional monomeric unit, while 
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Che second coupling group remain* inactivated so as to be 
substantially incapable of coupling but which can thereafter be 
activated under non-adverse conditions to couple the skeleton to 
a second additional aonomeric unit, wherein said nucleotide/nc - 
nucleotide polymer comprises at least one nucleotide monomeric 
unit. 

14. A non-nucleotide reagent according to claim 13 
wherein at least one of the first and second additional monomeric 
units comprises a nucleotide monomeric unit. 

15. A non-nucleotide reagent according to claim 13 
wherein said alkyl- or aryl-phosphonate linkage comprises a 
methylphosphonate linkage. 

16. A non-nucleotide reagent according to claim 15 
wherein said monomeric units comprises: 



-Z-CH, 

R,-C-R, 

R,-C-R t 

Y 



wherein one of R, and R, is hydrogen and the other is -HH-L 
wherein L is a ligand; one of R, and R t is hydrogen and the other 
is lower alkyl of about 1 to about 10 carbon atoms; Y ia -CH,-, 
-0-, -S-^ or -KH-; and Z is -0-, -s-, or -HH-. 

A"\ 17. A non-nucleotide reagent according to claim 

A 

wherein L comprises -Pr or a protected linker am selected from: 

0 
I 

-C-(CHj) n -NH-Pr and 

0 o 

1 I 

-C-(CHj) .-NH-C-(CHj)„-HH-Pr 
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wherein n and m are independently integers from about 1 to about 
15 and Pr is a protecting group removable under non-adverse 

conditions. 

19. A non-nucleotide reagent suitable for preparing a 
nucleotide/non-nucleotide polymer having at least one alkyl- or 
aryl-phosphonate linkage between aonomeric units and which 
remains chirally pure when incorporated into said polyner which 
comprises a non-nucleotide monoraeric unit having a chirally 
specific non-nucleotide skeleton and connected to the skeleton; a 
ligand moiety; and first and second coupling groups wherein the 
first coupling group is capable of forning an alkyl- or aryl- 
ohosphonate linkage between the chirally pure skeleton and a 
first additional monomeric unit while the second coupling group 
remains inactiveted so as to be substantially incapable of 
coupling but which can thereafter be activated under non-adverse 
conditions to couple the chirally pure skeleton to a second 
additional monomeric unit, wherein said nucleotide/non-nucleotide 
polyner comprises at least one nucleotide aonomeric unit. 

20. A non-nucleotide reagent according to claim 19 
wherein at least one of the first and second additional monomeric 
units comprises a nucleoside unit. 

21. A non-nucleotide reagent according to claim 19 
wherein said alkyl- or aryl-phosphonate linkage comprises a 
methylphosphonate linkage. 

22. A chirally pure non-nucleotide reagent according 
to claim 21 wherein said non-nucleotide monomeric unit comprises: 



.NHL 
5KEL< 



wnerein 3KEL comprises a chirally pure non-nucleotide skeleton of 
about 1 to about 20 carbon atoms, wherein -NHL, Y and Z are 
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covalently linked to a carbon atom of SKEL, L Is a ligand,. Y is 
-CH 2 -, -o-, -S- or -NH- and 2 is -O-, -s- or -NH-. 

2:. A non-nucleotide reagent according to claim 22 
wherein SKEL comprises a backbone of about 1 to about 10 carbon 
atoms between Y and Z. 

24. a non-nucleotide reagent according to claim 23 
wherein L comprises -Pr or a protected linker arm selected from: 

0 

II 

-C-(CH 2 )„-NH-Pr and 

o o 

n i 

-C- ( CH 2 ) ,-NH-C- ( CHj ) n -NH-Pr 

wherein n and m are independently integers from about 1 to about 
15 and Pr is a protecting group removable under non-adverse 

conditions. 

25. A non-nucleotide reagent according to claim 19 
wherein said non-nucleotide monomeric units comprises: 

-Z-CH, 

. I 
R i- Cj*, 

Rj-'C-R, 

Y 



wherein-a* least one of *c is a carbon which comprises a chiral 

enter, one of R 1 and Rj is hydrogen and the*\other is -HH-L 
wherein Lisa ligand; one of Rj and R 4 is hydrobgen and the 
other is lower alkyl of about 1 to about 10 carbon atoms; Y is 
-CH ? -, -O, -S-, or -NH-; and Z is -0-, -S-, or -NH-. 

26. A non-nucleotide reagent according to claim 25 
wherein L comprises -Pr or a protected linker ara selected from: 



0 
I 

-C-(CHj)„-HH-Pr and 



WO 92/02532 



PCT/US9 1/08769 



42 



0 0 

D 0 

-C-(CHj).-NH-C-(CH z ; n -tfH-Pr 



vnerein n and m art independently integers froa about 1 to abeu: 
15 and Pr is a protecting group reaovable under non-adverse 

conditions. 

27. a non-nuclsotids rsagsnt according to claia 26 
vhsrsin said aDcyl- or aryl-phosphonats linJcags comprises a 
mathylphosphonats linXags. 

28. A chirally purs non-nuclsotids rsagsnt of ths 

formula: 



CP, 



.NHL 



YCp, 



wherein SKEL coaprises a chirally pure non-nucleotide skeleton of 
about 1 to about 20 carbon atoms, wherein -NHL, Y and 2 are 
covalently linked to a carbon atoa of SKEL, L is a ligand, -YCp, 
is a first coupling group and -ZCp, is a blocked second coupling 
group: where Y is -CH,-, -0-, -s-, or -KH-; and 2 is -0-, -s-, or 
-KH-. 

29. A non-nucleotide reagent according to claia 28 
wherein the first coupling group, -YCp. is selected froa 



-O-P 

I 

*5 



0 

I 

-o-p-x, 



and 



U 
I 

-Y-P-W 



wherein X, is halogen or substituted aaino; X, is halogen, 
substituted aaino or 0*» R, is alkyl, optionally substituted 
alkoxy or optionally substituted aryloxy; and R, is alkyl, 
optionally substituted alkoxy or optionally substituted aryloxy; 
or, if X ? is 0', optionally hydrogen; U is oxygen, sulfur or 



jar. - ? 



2u 
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imino, V is 0\ s*, or substituted amino; and w is alkyl, aryl, 
alkoxy, aryloxy, alkylthio, arylthio, S , o\ amino or 
substituted amino. 

30. A non-nucleotide reagent according ro claim 29 
wnerein the blocked second coupling group, -ZCp ? , has a 
protecting group cleavable under non-adverse deblocking 
conditions to recover the second coupling group, -zh. 

31. A non-nucleotide reagent according to claim 3 0 
-herein the first coupling group is 



-O-P 

I 

wherein R, is methyl and X t is diisopropylamino. 

32. A non-nucleotide reagent according to claim 31 
wherein said ligand comprises -Pr or a protected linker arm 
selected from: 



-C-(CH 2 ) ft -HH-Pr and 

0 o 
g g 

-C- ( CH 2 ) ,-NH-C- ( CH 2 ) n -KH-Pr 



wherein n^and m are independently integers from about 1 to about 
15 and Pr is a protecting group removable under non-adverse 

conditions. 

33. A non-nucleotide reagent according to claim 32 
wherein n and m are independently integers between 1 and 5. 

34. A non-nucleotide reagent according to claim 33 
wnerein Z is oxygen. 

35. A chirally pure non-nucleotide reagent of the 

formula: 



mmmmrn 
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Cpj-Z-CHj 
R^'c-R, 
R,-'C-R t 



wherein *C is a carbon atom which comprises a chiral center, 
wherein ona of R, and R, ia hydrogan and tha othar is -NH-L whare 
1 is a ligand moiety; ona of R 3 and R 4 is hydrogan and tha othar 
is lowar alkyl of about 1 to about 10 carbon atoms, -YCp, is a 
first coupling group and -ZCp, is a blocked second coupling 
group; whara Y is -CH 2 -, -0-, -S- or -NH-r and 2 is -o-, -s-, 
or -HH-. 

36. A non-nuclaotida raagant according to claim 35 
wherain tha first coupling group, -YCp t is salactad from 

X, O 0 

-O-P , -0-P-x 2 and -y-p-w 

1 I I 

*i v 

wherein X, is halogen or substituted amino; x z is halogen, 
substituted amino or O'i R, is alkyl, optionally substituted 
alkoxy or optionally substituted aryloxy; and R 4 is alkyl, 
optionally substituted alkoxy or optionally substituted aryloxy; 
or, irx 2 is 0\ optionally hydrogen; U is oxygen, sulfur or 
inino, V is 0\ s\ or substituted amino; and W is alkyl, aryl, 
alkoxy, aryloxy, alkylthio, arylthio, s\ o", amino or 
substituted amino. 

37. A non-nucleotide reagent according to claim 36 
wnerein the blocked second coupling group, -ZCpj, has a 
protecting group cleavabla under non-adverse deblocking 
conditions to recover tha second coupling group, -ZH. 

38. A non-nucleotide reagent according to claim 37 
wherein said protecting group is a dimathoxytrityl group. 
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39. A non-nucleotide reagent according to claim 37 
•herein the first coupling group is 



I 

-O-P 

I 

R, 

-herein R, is methyl and X, is diisopropylamino. 

40. A non-nucleotide reagent according to claim 39 
wherein said ligand comprises -Pr or a protected linker arm 
selected from: 

0 

II 

-C-(CHj) n -NH-p r ind 

0 o 

1 I 

-C- (CH,) ,-KH-C- (CH,) n -NH-Pr 

wherein n and m are independently integers from about 1 to about 
15 and Pr is a protecting group removable under non-advers. 
conditions. 

41. A non-nucleotide reagent according to claim 4C 
vnerein n and a are independently integers between 1 and 5. 

42. A non-nucleotide reagent according to cairn 40 
wherein z is oxygen. 

43. a non-nucleotide reagent according to claim 3 5 
wherein said ligand comprise. -Pr or a protected linker arm 

selected from: 

0 
I 

-OfCHj) n -NH-Pr and 

? 0 
I I 

-O (CHj).-NH-C- (CH,) n -NH-Pr 



wherein n and m are independently integers b.tve.n 1 and 15 and 
Pr is a protecting group removable under non-adverse conditions. 
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44. A chirally pur* non-nucl.otid. r.ag.nt .uitabl. 
for pr.paring a nucl.otid./non-nucl.otid. polya.r and which 
reaain. chirally pur. whan incorporat. d into .aid polyMr wnicn 
coaprisa. a non-nucl.otida aonoa.ric unit which ha. a chirally 
pur. non-nucl.otid. .k.l.ton and conn.ctad to th. .k.l.ton ha. a 
Ugand aoi.ty and rir.t and ..eond coupling group., wh.r.in th. 
fir.t coupling group coup!., th. .k.l.ton to a .upport by a 
linkag. which may b. cl.av.d und.r non-adv.r.. condition., whil. 
th. second coupling group mains inactiv., but which can 
th.r.aft.r b. activ.t.d und.r non-adv.r.. condition, to coupl. 
th. .k.l.ton to an additional aonoa.ric unit, wh.r.in .aid 
nucl.otid./non-nucl.otid. polya.r eoapri... a nucl.otid. 
monoa.ric unit. 

45. A ne.n-nucl.otid. r.ag.nt according to clai» 44 
wh.r.in .aid .k.l.ton i. coupl.d to .aid .upport by an ..t.r 
linkaga. 

46. a non-nuclaotid. r.ag.nt according to claim 44 
wh.r.i„ said nuclaotida/non-nuclaotid. P olya.r coapri... .t l...t 
on. alkyl- or aryl-pho.phonat. linkag. b.tv..„ aono».ric unit.. 

47. a non-nucl.otid. r..g.nt .uitabl. for pr.paring a 
nuclaotid./non-nucl.otid. polya.r having at l.a.t on. alkyl- or 
aryl- P ho.phonat. linkag. b.tw..n aonoa.ric unit, which coapri... 
a non-nucl.otid. »ono».ric unit which ha. . non-nucl.otid. 
skal.ton and conn.ct.d to th. .k.l.ton ha. a u gan d aoi.ty and 
first and ..cond coupling group., wh.r.in th. fir«t coupling 
group coupl.. th. ,k.l.tbn to a .upport by . i lnJtao . wnlch „ y b- 
cl.avd und.r non-adv.r.. condition., whil. th. ..cond coupling 
group raaains inactiv., but which can thar.aft.r b. activate 
under non-adv.r.. condition, to coupl. th. «k.l.ton to an 
additional aonoa.ric unit, wh.r.in ..id nucl.otid./non-nucl.otid. 
polya.r coapri... a nucl.otid. aonoa.ric unit. 
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4fl. A non-nucleotide reagent according to claia 47 
wherein said skeleton is coupled to said support by an ester 

linkage. 

49. An oligomer which comprises at least about 8 
mononeric units wherein at least one monomeric unit comprises a 
non-nuclaotida aonoaaric unit as dafinad in claia l. 

50. An oligoaar according to claia 49 which coaprisaa 
from about 1 to about 5 indapandantly salactad non-nuclaotida 
monoaaric units. 

51. An oligoaar which coaprisas at laast about 8 
monoaaric units wharain at laast ona monomaric unit coaprisas a 
non-nuclaotida aonoaaric unit as dafinad in claia 13. 

52. An oligoaar according to claia si which coaprisas 
a mathylphosphonata oligoaar. 

53. An oligoaar whieh coaprisas at laast about 8 
monomaric units wharain at laast ona aonoaaric unit coaprisas a 
non-nucleotida aonoaaric unit as dafinad in claia 19. 

54. An oligoaar according to claia 53 which coaprisas 
a mathylphosphonata oligoaar. 

55. An oligoaar according to claia 54 which coaprisas 
from about 1 to about 5 indapandantly salaetad non-nuclaotida 
inonoaaric units. 

56. An oligoaar which coaprisas at laast about 8 
aonoaaric -units wharain at laast ona aonoaaric unit coaprisas a 
non-nuclaotida aonoaaric unit according to claia 23. 

57. An oligoaar according zo claia 56 which coaprisas 
a mathyl phosphonata oligoaar. 

58. An oligoaar according to claia 57 which coaprisas 
from about 1 to about 5 indapandantly salactad non-nuclaotida 
monoaaric units. 

59. An oligoaar according to claia 58 whara n and a 
ara indapandantly intagars froa 1 to 5. 
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60. An oligoaar which coaprisas at laast 8 monoaaric 
units vharain at laast ona aonoaaric unit coaprisaa a non- 
nuclaoti^a aonoaaric unit according to claim 26. 

61. An oligoaar according to claim 60 which conprisaa 
a mathylphosphonata oligoaar. 

62. An oligoaar according to claim 61 which coaprisas 
froa about 1 to about 3 indapandantly salactad non-nuclaotida 
monoaaric units. 

63. An oligoaar according to claia 62 wharain n and a 
ara indapandantly intagars froa 1 to 3. 
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Figure 2 



XHj)jC.C(0)a 



ii 



ii 



HO-C (CHj)n — NH— C — 0 CH 



n & 1, 3, 5 



II 



O 

? II 

(CH 3 )3C- C-O— C (CH^n — NH — C — O CH 



HO-CHj 

|/NH, 

CH 

\ 

CH— CH 3 



I 



HO 



HO- 




O O 

-CHj II || 
| y m C (CHj)n — NH— C — O CH. 

CH 

\ 

CH-CHj 
HO 



OMT-0 CH, II || 

| ^NH C (Otyn— NH-C — O- 

CH 

\ 

CH— CH 3 



CH 



V 

/ 



P N 



£1 nsl 
£1 n=3 
££ n=5 





WO 9Z/0253Z 



PCT7US9 1/08769 



3/4 



■icure 3 
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